Across sectional study of epidemiological risk factors and associated bacterial pathogens was conducted on 216 lactating dairy cows in jimma town from Oct. 2016 to April 2017 to determine the overall prevalence rate, associated bacterial pathogens and to assess effect of risk factors on prevalence of mastitis. Upon physical examination of udder and teats the prevalence of clinical mastitis was 2.3% at cow level and 0.96% at quarter level. Using the California mastitis test (CMT) for detection of sub clinical mastitis, the prevalence of sub clinical mastitis at cow level and quarter level was 60.65 and 38.4% respectively. The overall prevalence of mastitis was 62.96. Out of 323 (38.4%) CMT positive quarters with evidence of sub clinical mastitis, the quarter infection rate for the right rare quarter was highest (41.3%) followed by left rear (38.8%), right and left front (each 36.7%). Up on microbiological examination of milk samples for both clinical and subclinical quarters, out of a total of 331 cultured, 271(81.9%) yielded bacteria whereas 60(18.1%) yielded no bacteria. A total of 263 bacterial pathogens were isolated whereas 8 were mixed infections with more than two different colonies. The main bacterial pathogens isolated were coagulase negative staphylococci (CNS) (26.6 %), Staphylococcus aureus (24.7%), Escherichia coli (13.31%), Streptococcus species (9.13%), and Pseudomonas aeruginosa (8.8%). Other bacteria isolated with low isolation rate were micrococcus species (3.04%), Corynebacterium species (3.4%), Actinomyces pyogenes (3.8%), Bacillus species (3.42%) and other gram negative rods (3.8%). Host factors such as breed, age parity and lactation stage had significant effect on the prevalence of mastitis (p‹0.05). Managemental and environmental factors such as bedding, ventilation, frequency of barn cleaning, udder washing and use of communal towel had significant effect on the occurrence of mastitis (p‹0.05). Whereas milking practice, drainage had insignificant effect on the prevalence of mastitis (p›0.05).
Introduction
Ethiopia has the largest livestock population of any African country, with an estimated 35 million tropical livestock units; this includes 31 million cattle, 42 million sheep and goats, 7 million equines, 1-2 million camels, and more than 53 million chickens. Cow represents the largest proportion of cattle population of the country according to the food and agriculture organization 42% of the total cattle heads for the private holding are milking cows [1] . Holstein Friesian is one of the most important dairy breed in the world. Each of these breeds has been selected for its milk producing ability in contrast in the tropics the breeds of cattle are usually bos indicus [2] . Milk produced from these animals provides an important dietary source for the majority of rural as well as a considerable number of the urban and per-urban population however; milk production often does not satisfy the country's requirements [5] .
Statement of the problem
In Ethiopia mastitis has long been known. Different researchers the disease has not been studied widely and the information related to the economic loss and the overall prevalence of the disease is inadequate. Because at the study time, the study on mastitis was not enough in many areas of the country. For example, as we know in Jimma town many dairy farms are their but at that time there is no any study about mastitis in Jimma town. However, studies conducted by different researchers in various parts of the country indicated high prevalence of the disease [6, 7] . This study was conducted in Jimma town from October 2016 to April 2017 with the following objectives: ➢ To access the overall prevalence of the mastitis in lactating dairy cows in Jimma dairy farms ➢ To assess the effect of risk factors associated with the occurrence of mastitis and ➢ To isolate and identify the major causes of bovine mastitis in the area.
Study design
A total of 216 cows from 36 farms were included in this study both indigenous zebu and cross-breed dairy cows. The majority of cows were cross breeds. The blood level of the exotic was 50-88% and more than 99% of the cross breeds were Holstein Frisian breeds. All animals sampled were lactating. The management systems of the farm were intensive
Sample Size Determination
Sample size was determined according to Thrusfield by taking 20% prevalence using the formula [9] :
A cross-sectional study was conducted from October 2016 to April 2017 by collecting milk samples from lactating cows in jimma town and questionnaire was conducted. Physical examination of the udder was conducted for the presence of clinical mastitis, anomalies and the results were recorded. Milk samples were collected aseptically and transported in an icebox to the laboratory for microbiological analysis. CMT was conducted on collected milk samples and the result was recorded. Microbiological culturing of CMT positive samples was done for isolation and identification of bacteria. For laboratory techniques and data collection standard procedures was followed [8] .
Where, n = required sample size P exp = expected prevalence d = desired absolute precision, if p exp = 20% and d=0.05, then n=246 Milk sample collection: Procedures for collecting milk samples was according to Schalm et al. [5] . The time chosen was before milking since there is an elevation in somatic cell count immediately after milking and for at least six hours thereafter. Udders and especially teats was cleaned and dried before sample collection. Each teat end was scrubbed vigorously with a pledged of cotton or gauze sponge moistened with 70% ethyl alcohol. Scrubbing the tests on the far side of the udder first, then those on the near side will avoid recontamination of teats during scrubbing. A separate pledged or sponge was used for each teat. Teats toward sample collection was sampled first and then far ones. The first few streams of milk were discarded and 20 ml of milk collected in to the vial, then the sample placed in an icebox and transported to the laboratory for analysis.
Physical examination of udder:
Any physical abnormalities such as swelling of the udder, presence of lesions or anatomical malformations were recorded. The milk was examined for its color, odor, consistency and other abnormalities. Previous history of mastitis and treatment was recorded.
Study Methodology
California mastitis test (CMT): California mastitis test was carried out using the method described by Schalm et al. [5] . A squirt of milk, about 2ml from each quarter was placed in each of two shallow cups in the CMT paddle. An equal amount of the commercial reagent was added to each cup. A gentle circular motion was applied to the mixtures, in a horizontal plane for 15 second. The result was interpreted and scored from 0-3. Then, a total of 216 lactating cows from 36 dairy farms were included in the study which is less by 30 lactating cows because of inability to get more lactating cows.
Materials and Methods

Study animals
Results
Influence of breed, sex and age of cattle on the prevalence of tuberculosis
Examination of the blood agar plates for the presence of growth, colonial morphology, presence or absence of hemolysis was done at 24, 48 and 72 hours post incubation. From those plates which showed growth of organisms, representative colonies were stained by the Gram's Method to identify the morphology the staining property of the grown organism. The colonies were isolated on to media on which representative colony of single organism was sub cultured from primary media. Media such as Mannitol salt agar and MacConkey were used on the basis of cultural and staining properties and results of some primary test.
All the milk samples were processed and analyzed bacteriologically according to Carter the sample kept refrigerated and allowed to equilibrate room temperature the samples were then shaken [10] . One standard loopful (0.01) 0f the sample was transferred to blood agar, nutrient agar, and MacConkey agar plates. The plates were then incubated at 37° for 18-24 hours and growth observed.
Screening test
From the total animal examined 5 (2.32%) were clinically affected and 131 (60.65%) were sub clinical cases or CMT positive at animal level ( Table 1 ). Out of clinically affected animals two of them showed acute mastitis evidenced by warm, swollen, painful, abnormal secretion and decreases in secretion with minor systemic involvement. One animal showed subacute mastitis and two animals had history of chronic mastitis.
Data analysis
Data of physical examination of udder, CMT scores, culture conditions and results of questioner survey were recorded on a prepared format and to an excel. The possible association of different host and management factors to the prevalence of mastitis was analyzed using the chi-square (χ 2 ) test using Stata 8.0 soft ware.
A total of 216 lactating cows from 36 dairy farms were examined for presence of clinical and sub clinical mastitis. The study included 31 local breed cows and 185 crossbreed dairy cows. Results for physical examination of the udder, CMT scores, bacteriological examination of milk samples and questionnaire survey was performed.
Physical examination
Physical examination and visual inspection was conducted on udder, teats and milk of 216 lactating cows and abnormalities such as clinical mastitis, blind teat and change in milk were observed. Of the total examined, 17 animals (7.87%) had one or more blind quarter.
Bacteriological analysis
Out of 841 quarters examined 323 (38.4%) and 8 (0.95%) were CMT positive for sub clinical and clinical mastitis, respectively, by considering CMT scores 0 as negative and 1, 2, 3 as positive. Out of CMT positive 323 (38.4%) quarters which showed evidence of sub clinical mastitis, the quarter infection rate for the right rare quarter showed highest rate of intra-mammary infection (41.3%) followed by left rear (38.8%), right and left front (36.7%) ( Table 2) .
A total of 331 milk samples from 136 cows were cultured and 271 sample (81.9%) yielded bacteria whereas 60 (18.1%) yielded no bacteria. Milk samples from CMT positive quarters were cultured and 263 bacterial isolates were identified. The isolates were 8 from clinical and 255 from sub clinical mastitis cases. The relative prevalence rates of various bacterial species of organisms that were isolated from both clinical and sub clinical mastitis are shown on (Table 3) . Staphylococcus species were the predominant isolates of all, with coagulase negative staphylococci being the most frequent with isolation rates of 26 (62%) followed by Staphylococcus aureus (24.7%) and E. coli (13.31%). The least isolation rate was that of micrococcus species (3.04%). Pseudomonas aeruginosa, bacillus spp and streptococci were isolated from both clinical and sub clinical mastitis. Corynebacterium spp, Actinomyces pyogenes and other Gram-negative rods were isolates from only sub clinical mastitis. 
Form of mastitis Cow level prevalence (N=216) Quarter level prevalence (N=481)
Clinical
Epidemiological factors in relation to mastitis
Host risk factors: Prevalence of mastitis related to specific risk factors was determined. Breed, age, parity and stage of lactation had a significant effect on the prevalence of mastitis (Table 4 ). year was considered as young adult, cows of age group from 6-10 years was considered as adult and greater than 10 years as old animals; above 10 years were the most affected groups.
Microorganisms Clinical Sub clinical Total Percentage
The prevalence of mastitis was significantly affected by the stage of lactation (p<0.05). Cows at different stages of lactation had an infection rate of 36.8, 23.5 and 39.7% for early, mid and late lactation stages, respectively. It was highest for greater than 8 months of lactation. Cows were considered as in early lactation stage from 1 st to 3 rd month; mid lactation stage from 4 th to 7 th month and cows in late lactation stage were greater than 8 months.
Parity had significant effect on infection rate (p<0.05). The percentage of infection was 10.3, 27.2 and 62.5% for cows who had few, moderate and many calves, respectively. Considering cows with greater or equal to 3 calves as few cows with 4 to 7 calves as moderate and cows with greater than 7 calves as many.
Management and environmental risk factors:
Management factors such as type of housing, frequency of barn cleaning, presence of ventilation, drainage and bedding were assessed for their effect as risk of udder infection (Table 5 ). Animals examined were managed under intensive management system. Ventilation had significantly influenced the status of mammary infection (p<0.05).
There was higher incidence of mastitis in poorly ventilated barns than ventilated barns with relative infection rate of 46.67 and 32.3% respectively. Bedding also had significant effect on prevalence of mastitis (p<0.05); cows in farms with bedding suffered a prevalence rate of 35.9% against farms without bedding (47.29%).
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In all farms it was found that hand milking was the only practice. In most farms cows are milked twice; early in the morning and late afternoon and few farms milk 3 times per day; early morning, midday and night. Most of the farms they practice udder washing with water only few don't wash udder. In all the farms they don't use pre-milking and post milking disinfection. In most farms, milking is conducted by employed labor.
Prevalence of clinical and sub clinical mastitis:
In the present study the overall prevalence of mastitis in Jimma dairy farms was 62.92%. This finding is comparable with that of Biru reported 63.4 %. But it is lower than the finding of Zerihun who reported 68.1% over all prevalence [11, 13] .
The prevalence of clinical mastitis at cow level was 2.32% and sub clinical mastitis 60.65%. The prevalence of clinical mastitis is comparable with Huesin who reported prevalence rate of 2.7% but lower than reported by Tolossa who reported 6.29. On the other hand, Tola reported sub clinical mastitis at the rate of 65.45 higher than the present study [6, 7, 13] . Robertson reported that the sub clinical mastitis is usually higher than the clinical mastitis duet to difference mechanism of mammary gland is acting to minimize the severity of the disease. In the farms under investigation the recommended hygienic procedures including post milking dip and dry cow therapy were absent, use of separate towel and hygiene of the environment of dairy cow were given less attention [14] .
Discussion
Prevalence of mastitis in the quarters: Quarter prevalence of mastitis was 38.4% which agrees with the finding of Nesru et al. who reported the quarter prevalence rate of 37 [15] . The present finding was higher than reports made by Tolossa and Sori who reported 30.6 and 27.8%, respectively. Radostitis et al. related the variation in quarter prevalence of mastitis with the variation in the overall prevalence of disease in the herd [4, 13, 16] . Comparisons of the relative infection rates of different quarters indicted highest inflation rate in the right rear quarter (41.3%) followed by the left rear quarters (38.8%), other being relatively lower. This finding is in agreement with Shbeshi who reported grater inflation rate in hind quarters [17] . This would be associated with the high production capacity of the hind quarters that are reported to yield 60% of production [5] . Likelihood of hind quarters to be contaminated is high. The right might also be the first to be grasped by milkers as routine milking procedures.
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Bacterial isolation:
The bacteriological findings indicate that Staphylococcus spp. was the major pathogen isolated from both clinical and sub clinical mastitis. The highest prevalence of S. aureus is attributed to the wide distribution of organism inside the mammary gland and on the skin of the tests or udder, in areas where hand 6.3 Bacterial isolation: The bacteriological findings indicate that Staphylococcus spp. was the major pathogen isolated from both clinical and sub clinical mastitis. The highest prevalence of S. aureus is attributed to the wide distribution of organism inside the mammary gland and on the skin of the tests or udder, in areas where hand milking has been practiced [4] . S. aureus has capacity to penetrate deep foci and protected by a tissue from being attacked by drugs, this limits cure rate making the organism to assume a position of major importance. The milking routine in the study area also favors the contagiousness of S. aureus as effective udder washing, drying, post milking teat dip, and inter-cow-hand washing disinfections were absent. Coagulase negative staphylococci (CNS) species 26% was the most dominant bacteria in present study. Variable reports existed on these pathogens, Biru reported a prevalence rate of 41.7%, but, Tola reported as low as 9.63% [7, 11] .
Micrococcus species accounted for 3.04% which partially agrees with the findings of Sori who reported 6.7% [16] . But as high as 15.4% by Zerihun and 17.9% by Shbeshi had been reported from cases of sub clinical mastitis from different dairy herds [12, 17] . The lack of post milking teat dip in the farms could be the predisposing factor. Post milking teat, udder washing and drying prior to milking are effective in controlling coagulase negative staphylococci and Micrococcus species [3] .
The incidence of Streptococci species during this study was 9.13%. The relative importance of these genera as an etiological agent of mastitis was lower that reported by Zerihun and Sori who reported relative prevalence rates of 14.18 and 27% in dairy cows respectively [12, 16] . The lower isolation rate of streptococcus in this study might be due to the wide spread use of penicillin for the treatment of mastitis in the area. It was indicated that mastitis caused by streptococcus is liable to eradication via use of penicillin [5] .
In this study mastitis caused by Corynebacterium species accounted for 3.42% which corresponds with Tola and Biru who reported an isolation rate of 4.2% and 4.55% respectively. In the herds under the present study, there was no post milking teat dip, udder washing and drying was irregular. These contribute to the higher isolation rates of Corynebacterium species [4, 7, 11] .
Bacillus species were isolated in 3.42% of cases. This is consistent with the reports of Sori who found isolation rate of 4.48% but lower than that of Haile and higher than Tola who reported 11.56 and 2.96 % respectively [7, 16, 18] . Rate of infection with Bacillus species is higher in dry cows and occurs following contamination during unhygienic therapy since most species are saprophytes [5] .
Escherichia coli were isolated from clinical cases and a sub clinical case (13.31) which was the lowest compared to previous reports with 34.9 and 17.04% respectively [7, 18] . Zerihun and Mekuria reported 11.5 and 3.64% respectively [12, 19] . E. coli is a poor contagious bacterium, and the highest prevalence of other pathogens of mastitis particularly Staphylococcus, Streptococcus and Corynebacterium lead to rise in somatic cell count of milk which limits the multiplication of the coliforms has also shown that Pseudomonas is intermittently shed from the udder and does not frequently appears in milk [4] .
Of all isolates, contagious pathogens showed greater frequency than others. Most of the infections were mixed and caused by more than one species of organism. This could be explained from poor milking and management practices and milkers who milk in more than one farm. The possible minimization of these organisms (and Streptococci) may be achieved by improving hygienic methods, antibiotic therapy and milking machine design [20] . The high population of pathogens or infection in the area both per cow and per quarter is one factor suggesting the economic significance of disease. This loss emanates from poor response to therapy or pathogens. A cow with one quarter harboring multiple infections had greater in production than a cow with a single pathogen.
From the total samples taken for bacteriological investigations, 60 (18.13) were negative for isolation. This is agreeing with Pearson and Mackie 18%, as low as 3.14% has also been reported by Haile [18, 21] . Quarter milk samples which were positive for CMT screening could be bacteriologically negative. This may be due to the bactericidal properties of the inflammatory udder secretion which destroys the infecting bacteria thus they may not be found in milk with high leukocyte counts. Some pathogens like Staphylococcus aureus populations fluctuate in the milk from infected glands often during the infectious process which may bring concentration below a detectable level preventing bacteriologic culture [22] .
Epidemiological risk factors:
In order to device effective disease control program those factors which directly or indirectly affect the disease occurrence, severity and prognosis should be known so that correction of errors and improvements of draw backs be done [23] . In this respect possible interaction of mastitis with host factors and environmental factors were evaluated. That is, the possible association of breed, lactation stage, age and parity as well as the effects of housing, milking and related practices was studied.
The finding in the present study indicated that there was statistically significant difference in the prevalence of mastitis between local zebu and cross breeds. Radostitis concluded that high yielding cows are considered to be more susceptible to mastitis [4] . It was also indicated that the position of the teat and udder anatomy of the teat canal in these cows makes them exposed to teat injury.
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The incidence of mastitis in this area should the highest infection rate in cows having lactation stage of 8 months and above (Table 4 ) with an infection rate of 39.7%. The lactation stage showed significance on prevalence of mastitis. Alemnew has also reported similar tends in mastitis infections [24] . The relatively higher prevalence of mastitis at the end of lactation stage was justified owing to the characteristic of milk which inhibits phagocytosis near and in drying period. On the other hand, at the initial stages of lactation, there is a higher risk of mastitis. The latter being associated with delayed diapedesis of neutrophils in to the mammary gland and persistency of infection acquired during the dry period to make the initial stage of lactation, more susceptible to infection. The infection rate 36.8% was recorded by this study for initial lactation stages [5] .
The cows greater than 10 years old experienced the highest infection rate 43.4%. This finding agrees with that of Radostitist who explained that older cows have largest teats and more relaxed sphincter muscles, which makes them liable to accessibility of infectious agents [4] .
The finding that incidence of mastitis at different parity groups or cows with many calves (>7) were at risk (62.5%) of developing an udder infection than those with fewer (<or=3) calves (10.3%).
In this study all examined cows were kept indoor. These include adequacy of bedding, slipperiness of floor, overcrowding, which all are related to udder infection. The finding that infection rates related to factors such as poorly ventilated barns (32.29%) against ventilated (25.83%), bedding (35.9%) and without bedding (47.29%) and with drainage (36%) and without drainage (44%) indicate that these risk factors contribute to the mastitis in a head. Ventilation minimizes environmental population of pathogens in the barn, provides fresh air and conditions the environment of the barn which could limit the survival and multiplication of the pathogens in the barn or on the animal [23] . The animal's urine, soft faces in the dirty fluids and contaminated wash water which harbor and possibly serve as a source of pathogens for mastitis can remove via drainage, which in its absence serve as a mastitis risk factor.
With tied housing systems, bedding plays an important role in the incidence of mastitis. In adequate bedding in tied housing systems may lead to serious situation in the case of mastitis. And also the bedding of the animals, unless regularly changed could serve as the site of the multiplication for mastitis pathogens. Bedding can be a major source of environmental contamination for teat. However, some farms, which use grass bedding, showed less infection rate that dry grass bedding has the least risk to mastitis in comparison to saw dust or straw bedding [4] .
Although it was statistically significant (p<0.05), the prevalence of mastitis increased in cows housed without bedding. The role of the frequency of barn cleaning was also investigated. This finding was showed that barn cleaning was a risk factor. Those farms that were cleaned regularly contain crossbreed cattle, which were found to be more susceptible to mastitis, and the major isolates were contagious pathogens whose epidemiology is the infected udder and it is statistically significant (p<0.05).The less attention given to the milking practices in different dairy farms [25] . The result of the study forwards the great necessity of use of separate towel for udder and teat drying after washing and the necessity of antiseptic solution in the wash water. These could be seen from the finding that cows in which no use of towel was faced greeter infection rates (39.9%) that those which was used of udder drying. Mean somatic cell counts are lower in herds using separate towels and dry udder [26] . In this study, the infection rate was higher for cows which were washed prior to milking (45.45%) than cows for which milking was practiced without washing (38.5%). Mean in most of farms they practice udder washing with water only and drying but not regularly and few farms don't wash udder, hand washing between milking and disinfection were absent , use of separate towel for udder drying were absent and in all farms it was observed that there was no pre milking and post milking teat disinfection. So in most farms they do not practice correct milking procedure regularly. The absence of correct milking procedure regularity results best environment to mastitis causing pathogens. See the result as hand washing with soup is best than hand washing with only water having different result. And the infection rate was higher for cows, which were washed with cold water (42.17%) than cow's udder washed with warm water (31.88%)
Conclusions
The present study has shown that bovine mastitis is one of the major health problems in dairy farms in Jimma. The overall high prevalence of the disease in the farms, the isolated and identified pathogens involved is an indication of the great economic significance of the disease. Contagious pathogens followed by environmental pathogens were significant causes of mastitis infection. Breed, parity, age and lactation stage had influence on the occurrence of mastitis. Management factors such as ventilation, bedding, floor, barn hygiene, udder washing, and usage of towel showed significant effect on occurrence of mastitis. It was observed that there was no post milking teat disinfection and dry cow therapy. Udder washing and drying were used but not regularly practiced.
Hand washing between milking and disinfection, use of separate towel for udder drying were absent. Early detection of mastitis was not possible as there was no strip cup examination, indirect test like CMT and white side test. The hygiene and other management practice of dairy cattle were not sufficient. Therefore, effectiveness of mastitis control can be achieved by improving milking, housing practices and other related management factors.
On the basis of the above findings, the following recommendations are forwarded. ➢ The farm owners should be informed on risk factors of mastitis both host factor and management factors including hygienic measures during and after milking.
Annex Publishers | www.annexpublishers.com ➢ The dairy cattle houses should be constructed in such a way that they are well ventilated and with proper gradient for drainage ➢ Information concerning factors such as age, lactation stage, parity number of the cows should be known prior to introduction of an animal to a farm. ➢ Owners should keep records about over all farm information and individual animals. ➢ Animals chronically suffering from mastitis should be culled. ➢ Regular screening and strip cup examination of the cows, cultural and other bacteriological examination of infected quarters should be conducted so that proper therapy is administered.
9
Annex Publishers | www.annexpublishers.com Submit your next manuscript to Annex Publishers and benefit from:
Submit your manuscript at http://www.annexpublishers.com/paper-submission.php → Easy online submission process → Rapid peer review process → Open access: articles available free online → Online article availability soon after acceptance for Publication → Better discount on subsequent article submission → More accessibility of the articles to the readers/researchers within the field
